Epidemiological studies have linked the consumption of apples with reduced risk of some cancers, cardiovascular disease, asthma, and diabetes. Extensive research exists on apples and the health benefits of their beverages and phytochemicals. The purpose of this paper is to review the most recent literature in this area focusing on phytochemicals, phytochemical bioavailability and antioxidant behavior.
Introduction
Food consists of a complex mixture of a wide variety of components, many of which are biologically active, so food provides not only essential nutrients needed for life but also other compounds for health promotion and disease prevention. Some components, identified some time ago, have been classified as nutrients and these are essential for growth, maintenance and repair of the body. Previous epidemiologic studies have consistently shown that diet plays a crucial role in the prevention of chronic diseases [1, 2] .
Specifically, evidence suggests that a diet high in fruits and vegetables may decrease the risk of chronic diseases, such as cardiovascular disease and cancer. The positive influence of these natural products is attributed to their bioactive compounds: dietary fibre and antioxidants, mainly phenolic compounds, flavonoids, phenolic acids, etc. [3] . For this reason, there is currently great interest in the wide range of bioactive components found in foods, particularly in foods of plant origin. These bioactive components found in plants are frequently referred to as phytochemicals [4] . It is estimated that more than 5000 phytochemicals have been identified, but a large percentage still remain unknown [5] and need to be identified before their health benefits are fully understood. However, more and more convincing evidence suggests that the benefits of phytochemicals in fruit and vegetables may be even greater than is currently understood because oxidative stress induced by free radicals is involved in the etiology of a wide range of chronic diseases [6] .
Several commonly consumed foods and beverages have been targeted as particularly beneficial in the diet because of their concentration of phytochemicals. While active research into the health benefits of these foods has been ongoing, current reviews of this work exist for almost all of the foods except apples [7] .
Apples represent a major proportion of the fruit supply throughout the year in most countries because of various factors: availability in the market, diversity of cultivars [8] . Apples are widely consumed across the population and generally recognized as being healthy represented in the quite popular statement "an apple a day, keeps the doctor away". However, what is less well known is that apples are a potent source of powerful plant compounds with epidemiological studies linking their consumption with a reduced risk of some cancers, cardiovascular disease, asthma, and diabetes [7] . cholesterol. These properties should be correlated with a variety of phytochemical compounds present in apples, almost all of which are strong antioxidants [7] . The two main subtypes of polyphenols are flavonoids and phenolic acids. Some of the most important flavonoids in apples are: quercetins, present in glycosylated forms (flavonols); and catechin and epicatechin and their oligomers (proanthocyanidins), which are responsible for astringency and bitterness. On the other hand, some of the most common phenolic acids in apples are: caffeic acid, present in esterified form with quinic acid (chlorogenic acid), and p-coumaric acid, present in esterified form with quinic acid (p-coumarylquinic acid). Other phenolics in apples include the dihydrochalcones (phloretin glycosides) [8, 9] .
The fiber in apples, which is thought to play a major role in its lipid-lowering capacities, is not found in especially high concentration (2-3 g/100 g), and soluble fibers such as pectin represent ±50% of the fiber in apples. Nevertheless, it has been reported that this fraction probably contributes to the effects of apples on lipid metabolism [10, 11] .
The phytochemical composition of apples varies greatly between different varieties of apples, and there are also small changes in phytochemicals during the maturation and ripening of the fruit. Storage has little to no effect on apple phytochemicals, but processing can greatly affect apple phytochemicals. Processing can also affect the bioavailability of bioactive compounds [7, 12] .
To avoid loss of this nutrition value, it is usually encouraged to consume these fruits and vegetables fresh. However, it is interesting to emphasize that for the purpose of transportation, extension of shelf life, etc., nowadays a lot of fruits undergo processing (bleaching, concentration, freezing, filtration, high pressures, pasteurization, trimming, drying, thermal processes, etc.) [12, 13] . This aspect has been generally overlooked by nutritionists and epidemiologists. Moreover, food composition tables only present foods that are consumed raw and they do not take into consideration the fact that the biological activities of nutrients and micro-constituents are modified by technological processes. This is an important aspect since, as has been mentioned before, only a small quantity of fruits are consumed in the raw state, whereas the major part needs to be treated to preserve quality as well as for safety and financial reasons [14] .
Apples can be further processed to, for example, apple juice, apple cider or other apple-based products (cake, applesauce, etc.). In fact, apple juice is widely consumed worldwide, and is appreciated for its advantageous nutritional benefits. Around 21.5% of the worldwide apple production, ca. 44 million tons per year, is forwarded to beverage processing [15] . Some apple juice health effects that have been reviewed by several authors, include antitumorigenic effects, reduced blood pressure, ingestion of important amounts of fibers, and protection from coronary heart disease, as well as antihemorragic, anti-inflamatory, and antiallergic properties [7] .
Apple pomace is the solid material that remains after extraction of juice from apple [16] . A conventional process removes 75% of fresh weight of fruit as juice and 25% comes out as pomace [17] . Utilization and composition of pomace have been evaluated based on its functional as well as nutritional properties [18, 19] .
The other important apple-based beverage is cider, a sparkling, weakly alcoholic beverage, closely linked to the history of Ireland, England, Spain, France and other countries. This beverage is manufactured by traditional methods, namely slow pressing, spontaneous clarification and fermentation and bottling without stabilization [20, 21] . The production of traditional cider is carried out by sequential apple juice extraction followed by a natural fermentation.
Apple-products phytochemicals
Fiber: Fibre is not a single substance, and it consists of a variety of non-starch polysaccharides which include cellulose, hemicellulose, pectin, β-glucans, gums, and lignin [22, 23] . Fiber is often classified as soluble dietary fiber and insoluble dietary fiber. Because solubility refers simply to fibers that are dispersible in water, the term is somewhat inaccurate. Foods differ in the type and amount of fiber they contain, but all types of fiber have two things in common: they are found only in plant foods and they are resistant to human digestive enzymes (that is they pass through the digestive tract without being completely broken down) [24] .
Dietary fiber plays an important role in human health [25] . High dietary fiber diets are associated with the prevention, reduction and treatment of some diseases, such as diverticular and coronary heart diseases, [26, 27] . The physiological effects are related to the physicochemical and functional properties of dietary fiber.
Apples are a good sources of fiber with a well balanced proportion between the soluble and insoluble fraction [26] . Moreover, apple fibers have better quality than other dietary fibers due to the presence of associated bioactive compounds, such as flavonoids, polyphenols and carotenes [28, 29] .
Several studies have been made on dietary fiber from apples in vivo, for example, pectin [30] [31] [32] and pomace [33] [34] [35] and their physiologic effects on lipid metabolism.
Antioxidants:
According to the broad definition by Halliwell and Gutteridge [36] , antioxidants are compounds which, while present in low concentrations compared to those of an oxidizable substrate, prevent or delay that substrate from being oxidized. In the course of lipid peroxidation they can act as oxygen quenchers, radical scavengers (quenching initial radicals such as hydroxyl radicals as well as quenching intermediate radicals such as peroxy and alkoxy radicals), or metal ion chelators.
A distinction must be made between water-soluble and fat-soluble antioxidants. Examples of watersoluble antioxidants are ascorbic acid (vitamin C) and B vitamins (e.g., thiamin and riboflavin), while tocopherols (such as vitamin E) and carotenoids (e.g., β-carotene and lycopene) are fat-soluble antioxidants. Antioxidants in the polyphenol and flavonoid groups vary in their hydrophilic-lipophilic properties [37] .
The problem is that the major polyphenolic compounds of apples are not equally distributed within the fruit [40] . Whereas flavonol glycosides and anthocyanins are almost exclusively found in the skin, the main flavanols, catechins and proanthocyanidins, are mostly located in the skin, but lower levels are also present in the flesh and core, including the seeds. Chlorogenic acid, the predominant hydroxycinnamate, is mainly present in the core, whereas lower levels are found in the flesh and skin. Dihydrochalcones, phloridzin and phloretin xyloglucoside, are mainly located in the core, and lower levels are present in the skin and flesh. The concentrations of polyphenols are strongly dependent on the apple cultivar [41] . However, some studies demonstrated that the process of juice production itself appears to have a greater influence on the polyphenolic contents of the juices than the variation of cultivars [42] . Figure 1 , shows the structure of some phenolic compounds so far isolated and identified from apples tissues. The importance of these compounds lies in the fact that several studies dealing with the cancer-preventive aspect of fruit or juice constituents, focus on the polyphenolic constituents, which are present at particulary high concentrations in apples [38] and apple juice [39] .
Apple juices exhibited antioxidant activities when tested both in vitro and in vivo, the effects being attributed to polyphenolic constituents [43, 44] . Addition of apple phenolics to human serum decreased diphenylhexatriene-labeled phosphatidylcholine (DPHPC) oxidation in a dose dependent manner. DPHPC is incorporated into low-density lipoprotein (LDL), high-density lipoprotein and very low-density lipoprotein (VLDL) fractions and is an indicator of oxidation. Apple ingestion led to a decrease in DPHPC oxidation, reflecting the apples antioxidant activity in vivo. The protective effects of apples on LDL oxidation reached its peak at three hours following apple consumption and returned to baseline levels by 24 hours. Diphenylhexatriene labeled propionic acid (DPHPA) binds to serum albumin and is a good measure of oxidation within the aqueous phase of human serum [45] .
Apple phytochemicals and processsing
A relevant part of intake of these applephytochemicals in the population is supplied by apple juices. The increase in the consumption of ready-todrink beverages in recent years has been associated with a reduction in the consumption of fresh fruit and vegetables. The intestinal absorption of the bioactive components from juices may even be better than from plant tissue itself.
In fact, apple juice is one of the popular fruit juices widely marketed in the European countries, the United States, and also in Japan [46] . A great number of apples are harvested for processing to juice every year. The high commercial value of apple juice is ascribed to its pleasant sensory qualities such as colour, taste and odour [47] .
But an important question to be asked is: "Are these phytochemicals bioavailable?" In determining the health protecting capacity of a product, not only the concentration of the components of interest is important, but also the bioavailability and the bioactivity are important issues to evaluate when characterizing the effects of dietary phytochemicals on human health [7] . To answer this question, it is important to understand the juicing process.
On the industrial scale, juices are produced by pressing mashed apples, with or without application of pectolytic enzyme preparations, by use of different equipment. Figure 2 shows an overview of various apple juice production methods. Many variations on this scheme are possible.
As is mentioned in the previous part, apple fruits contain relatively high amounts of various polyphenols with antioxidant activity. The problem in all the cases is that most of the phytochemicals and dietary fiber compounds are not transferred into the liquid phase during the dejuicing process and remain in the pomace after pressing [48] . For this reason, some authors have proposed to use the by-products of juice extraction industry as natural sources of dietary fiber and antioxidants [49] or alternative extraction methods. Moreover, changes of their profile as well as phenolic degradation during disintegration of raw material, fermentation, and wine aging have been reported [50] .
Antioxidant properties of apple products are associated with a free-radical scavenging capacity of polyphenol compounds and some vitamins and they prevent oxidation of LDL believed to be mainly responsible for the development of atherosclerosis in humans [51, 52] . Nevertheless, it should be kept in mind that the efficiency of phenolics depends on their bioavailability.High-molecular-weight polyphenolics, such as procyanidins, may be effective biological antioxidants, but it seems unlikely they could be absorbed to a large extent. However, low-molecularweight compounds (which are effectively absorbed), such as catechin, epicatechin, and anthocyanins, are liable to exert antioxidant effects in blood plasma [53, 54] .
According to Lu and Foo [55] , among apple antioxidant compounds, flavonoids (epicatechin and its polymers), quercetin, its glycosides and chlorogenic acids show the highest antioxidant activity, while phloridzin and vitamins C and E show much lower activity. The cinnamic acid derivatives and flavonols represent about 90% of all polyphenol compounds of apples, and their amount can vary significantly depending on the variety of fruit [56] [57] [58] . The level of individual polyphenols also depends on the vegetation season [59, 60] , maturity of fruits [61] , storage time and conditions [57] , fruit processing [56] , and the presence of peels and seeds during fermentation.
For example, van der Sluis et al. [62] studied the effect of the juicing process on the antioxidant activity of apple juice obtained from Jonagold apples concluding that by pulping and straight pressing the juice had 10% of the antioxidant activity of fresh apples, while juice obtained after pulp enzyming had only 3% of antioxidant activity. After pulp enzyming, the juice contained 31% less phloridzin, 44% less chlorogenic acid, and 58% less catechin. Most of the compounds remained in the apple pomace.
Similarly, Guyot et al. [59] found that 42% of total phenolics were extracted in the juice, leaving over half the total phenolics in the apple pomace. They found that hydroxycinnamic acids and dihydrochalcones showed the greatest extraction yields in the juice, 65% and 80 % respectively. Procyanidins had the lowest yield in the juice (32%). Apple phenolics, especially procyanidins, have been found to bind with cell wall material, which could lead to the decreased levels of polyphenols found in apple juices [63] . In this way, Dekker et al. [64] determined that by the conventional process of making apple juice, the flavonoid content was only 5-10% of the content of the apples used to produce the juice. It was found that the pressing process resulted in the largest losses due to binding of the flavonols to the pressing cake. Alternative processes for preparing apple juice that preserve the special antioxidative activity and transfer it into the juice without sensoric disadvantages are necessary in order to improve the level of flavonoids in the final product significantly.
For approximately 25 years, so-called "total liquefaction" has been discussed as a procedure for obtaining maximal juice yield in one step by the synergetic action of cellulases and pectinases [65] resulting in almost complete destruction of the cell walls (liquefaction). However, the obtained juices have a poorer sensory quality and a higher tendency to browning. Furthermore, the total liquefaction procedure is limited because of high enzyme costs and legal restrictions [66] .
Recently, a two-step procedure has been proposed, where a classical mash treatment (with or without pectinases) is applied in the first step before the socalled premium juice is separated. Subsequently, in the second step, the remaining pomaces are treated with water and complex enzyme preparations containing mainly pectinases, hemicellulases, and/or cellulases [48] . The extraction juices obtained had different analytical characteristics than the premium juices, for example, higher contents of flavonoids and dietary fiber [67] . Effects of the enzyme preparations on the cell wall material of apples have been examined in a model system under the used mash and pomace treatment. During the pomace treatment, higher concentrations of dietary fiber components including pectin were dissolved and removed from the remaining residues [68] . The polysaccharides (colloids) isolated from the apple extraction juices consisted mainly of galacturonic acid, arabinose, and galactose and had complex structures [66] .
Another technique is the alcoholic extraction. It consists of the addition of alcohol (methanol, ethanol or isopropanol) to the pulp before pressing and thereby extracting the flavonols from the insoluble particles ( Figure 3 ). The residual alcohol was removed by evaporation. The antioxidant activity of a juice produced with an alcoholic extraction process was more than 10 times higher than a conventional produced juice. Applying an alcoholic extraction either to the pulp or to the pomace makes it possible to improve flavonoid content in apple juice as well as its antioxidant activity [69] . In order to develop an apple juice with a high antioxidant activity attention has to be given to sensory properties of the juice since too high a polyphenol content is known to be responsible for an astringent taste, so there will be a maximum in the level of these compounds.
With respect to the antioxidant activity in vivo, Décordé et al. [14] determined the phenolic content of an apple and its juice and evaluated their efficacy before and after technological processing, and assessing a possible preventive effect of their administration on early atherosclerosis in hypercholesterolemic hamsters. Indeed, these compounds constitute useful markers allowing recognition and evaluation of nutritional quality in fresh and processed products. They concluded that the level of total phenols in apples was about 2.5 times richer than in apple juice. Both of them were characterized by the absence of anthocyanins. The total phenol amount ingested daily for animals mimicked a human consumption of 930 mg of apples and 1100 mg of apple juice. Overall, the results showed that apples prevent diet-induced atherosclerosis in hamsters, and that the fruit processing can have a major impact on the potential health benefits of fruit in pathological conditions. Pearson et al. [70] examined the effects of six commercial apple juices and Red Delicious apples (whole apples, peels alone, and flesh alone) on human LDL oxidation in vitro. LDL oxidation was measured using headspace analysis of hexanal produced from copper-induced lipid oxidation in vitro. The dose of the apple juice and whole apple, apple peel and apple flesh, were standardized for gallic acid equivalents, and each LDL solution was treated with 5 μM gallic acid equivalents for each apple sample. LDL oxidation inhibition varied greatly between brands of fruit juice, ranging from 9 to 34% inhibition and whole apples inhibited LDL oxidation by 34%. Apple peels inhibited LDL oxidation by 34%, while the flesh alone showed significantly less inhibition (21%).
Rats fed apple juice also had a decreased level of malondialdehyde (MDA), a marker of lipid peroxidation. Quercetin, a major flavonoid in apples, had no effect on lipid oxidation when ingested by rats, suggesting that quercetin alone is not responsible for the apple's ability to inhibit lipid oxidation [71] . Other antioxidants and the interaction between the different apple antioxidants, including quercetin, may contribute to the antioxidant activity of apples. The effect of apple juice on lipid oxidation has also been examined in vivo in human subjects. In a study involving four women and one man, ingestion of high levels of a 1:1 mixture of apple juice and black currant juice increased the antioxidant status of the blood and decreased lipid oxidation [72] . Glutathione peroxidise also increased in humans consuming apple juice. Plasma MDA decreased over the seven-day intervention period when the subjects ingested the highest dose of the apple juice and black currant mixture (1500 mL). Despite the antioxidant effect on lipoproteins, apple juice intake had a prooxidant effect on plasma proteins in both humans and rats [71, 72] .
With the same objective, Bitsch et al. [73] optimized the apple juice process increasing its bioactive compounds while maintaining a good sensoric quality. In order to verify the health protective properties of the juice, the bioavailability of its most important compounds, ascorbic acid and chlorogenic acid, and the influence of juice consumption on the antioxidant capacity of human plasma were assessed. This result suggests a remarkable influence of chlorogenic acid or caffeic acid, its cleavage product, on the antioxidative potential of the plasma of human volunteers. The plasmatic antioxidative potential increased on the average by 52% after juice intake mainly due to the absorbed hydroxicinnamic acids and/or their metabolites. However, caffeic acid seems rather rapidly to be removed from the plasma and only 0.56% of the ingested amount could be detected in urine. The long lasting antioxidative efficacy in plasma after ingestion of a single juice portion suggests, on the other hand, an intensive metabolism of caffeic acid and/or other phenolics probably by the liver. More detailed investigations to study the plasma kinetics of polyphenolics from apple juice and their metabolisation rate are required.
In spite of the proved beneficial effects of the apple phytochemicals mentioned above, in apple juice production, the bioactive substances were in the past regarded as causing undesirable turbidity and sensory disadvantages connected with enzymatic and nonenzymatic browning during processing. Therefore, the manufacture of juices aimed hitherto to decrease polyphenolics to such amounts which are necessary for colouring and sensory properties [73, 74] .
Apple juice is one of the juices that may contain considerable amounts of starch, particularly at the beginning of the harvest season. Unripe apples contain as much as 15% starch, and up to 1% starch may be present in juice after milling and pressing. Starch is a common problem for apple juice processors, complicating filtration and causing postprocess cloudiness [75] .
The apple juices in the market generally exist as three types of products: fresh cloudy juices, fresh clarified juices and juices made from concentrate [76] . Concentrated juices are biochemically stable, they have a long storage life and they are widely used in canning, pharmaceuticals, winemaking and pectin manufacture. Concentration of juices is mainly carried out world-wide by vacuum evaporation, which has the disadvantage that most of the aromatic compounds contained in the raw juice are lost and the aroma profile undergoes irreversible changes causing a reduction in quality [77] .
Not only juicing process affects the phytochemical bioavailability. Clarification is an important step used in clear apple juices industry processing -and is also Clarification processing aims to eliminate insoluble solids and destroy pectic substances (pectin and starch) by flocculating cloudiness with clarifying agents [75] . Clarified apple juice has a typical amberlike hue with a little browning. On the contrary, cloudy apple juice, containing a high portion of pulp in suspension, is expected to have a yellowish or greenish colour. The cloudy apple juice has a growing share in the current market due to its sensory and nutritional qualities which are close to those of fresh product [78, 79] .
For decades, three components (bentonite, gelatin, and silica sol) have successfully been applied for an efficient clarification/fining and for stabilization in apple juice making. In this context, Oszmiánski and Wojdyło [80] investigated the changes that occur during conventional clarification using these components (and chitosan) on the phenolic compounds, antioxidant activity, and color of apple juice.
The results of the quantification of some polyphenols of apple juices from two varieties, Sampion and Idared, are shown in Tables 1 and 2 . Sampion apple control juices contained more total polyphenols than Idared apple juices. In Sampion variety apple juice, the dominant polyphenols are the flavan-3-ols (procyanidins), followed by hydroxycinnamic acids (chlorogenic acid and p-coumaroylquinicacid), dihydrochalcones (phloretin), and flavonols (quercetin).
In Idared apple juice the hydroxycinnamic acids (especially chlorogenic acid) are dominant, followed by flavan-3-ols.
However, the concentration of polymeric procyanidins in Sampion apple juices was lower when the chitosan and gelatin treatments were used, respectively. Bentonite supplementary added in juices clarification have some protective effect on polymeric procyanidins only with chitosan treatment. That kind of effect was not observed in Idared apple juices with almost eight times smaller polymeric procyanidins concentration than in Sampion apple juices.
Clarification of apple juices with chosen clarifying agents has statistically no significant influence on antioxidant capacity. This study suggests that chitosan can be used as a conventional clarifying aid of apple juices and that treatment has no impact on their biochemical parameters. In the same way, the same authors [81] studied the polyphenolic content and composition of cloudy and clear apple juices from two different varieties by high-performance liquid chromatography with diode array detection. Cloudy juices, especially which prepared from Champion variety (Table 3) , had a higher content of procyanidins than clear juices. Cloudy and clear apple juices differ markedly in their content of procyanidins, which is reflected in their antioxidant capacity and in the rate constant for the (table 4) . Cloudy and clear apple juices differ markedly in their content of procyanidins, which is reflected in their antioxidant capacity and in the rate constant for the DPPH radical scavenging reaction.
Barth et al. [82] identified the fractions which contained the bioactive substances of the juice. They proposed that additive or synergistic effects of apple juice constituents might be responsible for the observed anticancer activities using single polyphenolic or fiber substances, they fractionated the cloudy apple juice to yield two complex apple juice fractions: a total polyphenol (monomeric and polymeric polyphenols) fraction and the heterogeneous cloud fraction consisting of proteins, fatty acids, polyphenols, and cell wall polysaccharides. Besides the cloudy apple juice used juices as a positive control, these analytically characterized fractions were applied either separately or in combination in a rat model initiated with 1,2dimethylhydrazine (DMH). This animal model mimics some of the alterations encountered during colon carcinogenesis such as colonocyte DNA damage, hyperproliferation, and the induction of preneoplastic lesions in the distal colon. The results revealed that the polyphenols alone were not responsible for the observed antiproliferative effect of the cloudy juice.
Regarding the cider processing, Markowski and Płocharski [56] found that during processing of apples into apple must the level of polyphenols can decrease by as much as several times.
The analysis of antioxidant activity and concentration of individual polyphenol compounds showed statistically significant differences between ciders obtained from different apple varieties. Satora et al. [83] determined the influence of apple variety on the polyphenolic profile, volatile composition and sensory characteristics of apple wines. The majority of Šampion, Idared and Gloster apples are destined for consumption. However, in terms of chemical composition and sensory features they represent a valuable raw material for the food processing industry, including the wine industry. Selection of the proper cultivar could result in the production of a beverage with favourable sensory features. In this study, the fermentation of musts produced from different apple varieties was characterized by diverse kinetics and the musts that contained more antioxidants and were distinguished by higher antioxidant potential fermented longer and more slowly. Polyphenolic compounds are known to possess antimicrobial activity against a wide range of microorganisms [84] , and the mechanism of their action depends on their chemical structure. The analysis of antioxidant activity and concentration of individual polyphenol compounds showed statistically significant differences between wines obtained from different apple varieties. Šampion wines possessed the highest antioxidant activity among wines, whereas the Gloster samples showed one-fifth the activity, which correlated with the antioxidant properties of the unprocessed fruits.
One of the few studies addressing bioavailability from alcoholic apple cider [85] looked at the bioavailability of polyphenolic compounds in humans. After drinking 1.1 liters of apple cider, no quercetin was found in the volunteers' plasma. Instead, low levels of 3'-methyl quercetin and 4'-methyl quercetin were seen within 60 minutes following consumption of the cider. Caffeic acid was rapidly absorbed, but within 90 minutes the caffeic levels in the plasma were undetectable. Catechin, epicatechin, and phlorizin were not seen in the plasma, possibly because the concentration in the cider was too low. Hippuric acid and phloretin were both increased in the subjects' urine following the consumption of the cider, but there was no evidence of quercetin, catechin, or epicatechin in the urine [85] .
The "other" bioactive compounds: It is important to keep in mind that the bioactive components of apple may be beneficial (as it has been explained above) or even toxic to human health. Toxicity is the ability of a compound to cause harm under test conditions, whereas hazard is its ability to cause harm in the situation in which it is found. Furthermore, risk can be used as measure of potential hazard.
An example of the toxicity of bioactive compounds found in foods includes patulin, an important contaminant of apple products and other fruits. It is a toxic secondary metabolite produced by a wide range of Aspergillus and Penicillium fungi. Mold growth and subsequent production of patulin normally occurs mainly where the surface tissue of fruit that has been damaged. Numerous surveys of patulin in apples and apple products have been published in the literature over the past years [86] .
About 50% of apple juice samples analyzed worldwide have been shown to contain detectable levels of patulin [87] . Surveys on the incidence of patulin in apple juice have been conducted in countries such as South Africa [88] , Brazil [89, 90] , Cuba [91] , Turkey [92] , Spain [93] , Italy [94] , Sweden [95] , Belgium [96] and Iran [97] . However, only in Turkey and Iran, were patulin levels found to be above the limit recommended by the Codex Alimentarius, 50 μg/L.
These results indicate the need for awareness by the apple industry to patulin contamination in fruit and the implementation of improved techniques for the production of apple products in order to reduce the incidence and level of patulin contamination in apple juices. It was previously reported that it is possible, even when processing apples that may be predisposed to fungal contamination, to reduce significantly patulin concentrations to an acceptable level [86] .
